: Zero tillage: a potential technology to improve cotton yield. Vol 48, No.2,[761][762][763][764][765][766][767][768][769][770][771][772][773][774][775][776]. Zero tillage technology revealed with no use of any soil inverting technique to grow crops. The crop plant seed is planted in the soil directly after irrigation to make the soil soft without any replenishing in soil layers. A study was conducted to evaluate cotton genotypes FH-114 and FH-142 for the consecutive three years of growing seasons from 2013-15. The seed of both genotypes was sown with two date of sowing, 1 March and 1 May of each three years of sowing under three tillage treatments (zero tillage, minimum tillage and conventional tillage) in triplicate completely randomized split-split plot design. It was found from results that significant differences were recorded for tillage treatments, date of sowing, genotypes and their interactions. Multivariate analysis was performed to evaluate the yield and it attributed traits for potential of FH-114 and FH-142 cotton genotypes. The genotype FH-142 was found with higher and batter performance as compared to FH-114 under zero tillage, minimum tillage and conventional tillage techniques. The traits bolls per plant, boll weight, fibre fineness, fibre strength, plant height, cotton yield per plant and sympodial branches per plant were found as most contributing traits towards cotton yield and production. It was also found that FH-142 gives higher output in terms of economic gain under zero tillage with 54% increase as compared to conventional tillage technique. It was suggested that zero tillage technology should be adopted to improve cotton yield and quality. It was also recommended that further study to evaluate zero tillage as potential technology should be performed with different regions, climate and timing throughout the world.
INTRODUCTION
Cotton (Gossypium hirsutum L.) plays an imperative role in the economy of Pakistan. Cotton is a significant fiber, industrial and cash crop grown throughout the world. It is grown over 12% of the total cultivated area of Pakistan. Cotton contributes about 60% in the shape of raw cotton and its byproducts in total economy of Pakistan. In count to its textile industry uses, edible oil and animal feed is also obtained from cotton seed cake. 60-70% of edible oil is obtained from cotton (KHAN, 2003; KHATTAK et al., 2014) . It plays a key role in earning of foreign exchange for country. It has share of 1.5% in GDP while 7.1% in total agriculture value of country. The textile industry has fetched USD 10.22 billion foreign exchange during July-March of 2014-15. Pakistan has cotton growing crop area of 2961 thousand hectares with 13.983 million bales which was 9.5% higher as compared with 2806 thousand hectares and production of 12.769 million bales as shown by Economic Survey of Pakistan, 2014-15. The seed cotton of Pakistan is much low as compared to other cotton growing countries of the world. Zero tillage is not any alternative cropping method but it provides an opportunity to improve the yield of crop plants without inverting the soil. The zero tillage provides sustainability to the ecosystem to grow and produce crop plants (SATURNINO et al., 2002) . The use of appropriate soil management practices is the need to improve crop yield and production. The tillage system did not show the effect on the nutrient contents in plant body tissues but there was a significant effect after the application of fertilizers in the form of N, P and K. the uptake of NPK is increased through the use of different tillage practices (ISHAQ et al., 2001) . The soil porosity and morphology is much important to improve crop plant hold and ability to grow. The tillage caused to improve soil ability to grow in with healthy and productive crop plants (SHIPITALO and PORTZ, 1987) . Zero tillage showed higher amount of variation in cottonwheat growing systems than conventional tillage. It may be very helpful to farmers to improve crop plant production and potential (SHEIKH et al., 2003) . Zero tillage reduced soil nutrient losses and erosion of soil. There was an increase in corn yield using zero-tilled field as compared to tillplanted field (BAEURMER and BAKERMANS, 1973) . The efficiency of cotton and wheat to uptake nitrogen and water is increased through the use of conservation tillage and appropriate irrigation. The conservation tillage caused to improve yield in cotton and wheat as compared to conventional tillage (BRONSON et al., 2001) .The yield of cotton, sorghum, vetch and rye were highly influenced due to use of zero tillage, strip tillage and chisel tillage. The uptake of nutrients like nitrogen was also affected through the use of tillage techniques and it was concluded that chisel tillage may be used to increase yield of cotton and sorghum (SAINJU et al., 2005) . Minimum and zero tillage help in water conservation, maintenance of soil organic and inorganic matter and control over soil erosion (PRASADA and POWER, 1991) . The strip tillage caused to reduce water evaporation from crop plants and soil to improve water availability to crop plants. The transpiration of water from cotton was recorded lower as compare to wheat (LASCANO et al., 1994) . Various insects and pest also attack on cotton that get shelter in weeds, through the use of zero tillage these plant enemies can be eradicated from filed. The use of transgenic cotton for tolerance to glyphosate and insect/pest attack may also give an advantage to grow cotton with zero tillage technology (AZAM et al., 2013; PUSPITO et al., 2015; QAMAR et al., 2015ab) . The use of mutants or mutation breeding for glyphosate tolerance to avoid weeds may also be used to improve cotton yield and growing under zero tillage (RIZWAN et al., 2015) . The seed cotton yield as a complex trait, is the product of relationship among its components fixed with unstable environmental conditions. The correlation among various yielding traits may be helpful to improve seed cotton yield (MEENA et al., 2007; SUINAGA et al., 2006; ABBAS et al., 2013) . Multivariate analysis provides an opportunity to plant breeder for selection among large number of studied traits for the improvement of yield and production (ALI et al., 2014; FAWAD et al., 2015; NAJAF et al., 2014) . ABBAS et al. (2013) ; ABBAS et al. (2015) reported genetic variability with positive correlation among seed cotton yield and contributing yielding traits in upland cotton. The present study was conducted to evaluate cotton varieties for cotton staple length, fibr fineness, fibre strength and their related traits and to evaluation for the role of zero tillage in improving cotton yield and economic gain.
MATERIAL AND METHODS
To evaluate zero tillage technology of cotton sowing on previous beds of cotton crop against conventional sowing an experiment comprising of three tillage methods and two dates of sowing and two varieties treatments was laid out according to split-split-plot under three replications having a net plot size measuring 6×10m. The crop was sown on two dates 15 March and 01 May 2013-15. The seed rate used was 10kg/ha. The cotton variety FH-114 and FH-142 were used as experimental material. The crop was fertilized at the rate of 150:50:50 kg NPK/ha. All the other agronomic and plant protection measures were kept normal and uniform. The data regarding yield and yield components were recorded and got analyzed statistically by using analysis of variance technique (STEEL et al., 1997) . Multivariate analysis (Proc. Mixed SAS version 9.1 SAS Institute, 2004) principal component analysis and factor analysis were computed. Genotypic and phenotypic correlation (KNOW and TORRIE, 1964) and regression analysis was also computed to access the association of traits among each other. RESULTS AND DISCUSSION The results from statistical analysis of studied traits revealed that significant differences were found among genotypes, date of sowing, treatment (zero tillage, minimum tillage and conventional tillage), interactions of genotypes with treatment (Tables F1S1 to F1S14; F2S1 to F2S14; F3S1 to F3S14; Supplementary material files F1; F2; F3). It was found from results of mean comparison performance that FH-142 was the best one genotype that performed batter under different sowing dates and tillage practice (Supplementary material files F1a; F2a; F3a).
Stepwise regression analysis was performed to find out the traits that were highly contributing towards cotton yield per plant. It was revealed from results ( Table 1) Genotypic and phenotypic correlation was computed to access the strength of association of traits with respect to genetic and environmental factors. The results from table 2 indicated higher and significant genotypic correlation of cotton yield per plant with days to first flower, fibre strength, GOT, monopodial branches per plant and boll weight. Strong and significant genotypic of GOT was recorded for boll weight, days to first boll opening, days to first flower and fibre strength. Strength and significant phenotypic correlation of fibre fineness was recorded for days to first bud, monpodial branches per plant and sympodial branches per plant. KOTB, (2012) found higher and significant correlation between fibre length and fibre strength. ABBAS et al. (2013) reported that the significant correlation among cotton yield, bolls per plant, fibre fineness and sympodial branches per plant may be used for the development of higher yielding cotton genotypes. ALI et al., (2016) found that significant correlation of yield and its attribute traits may help plant breeders to develop higher yielding synthetic and hybrids in crop plants to improve yield and production. Principal component analysis was performed to screen the genotypes for best performing traits form large number of studied traits, as it helps to explore total variation in the germplasm. Four PCs (Principal Components), PC1, PC2, PC3 and PC4 were recorded as shown in table 3 also the respective Eigenvalue was more than 1 (Figure 1b ). Higher variation was recorded for traits days to first bud, days to first flower, days to first boll opening, bolls per plant, and cotton yield per plant. The proportion variation of four PCs was PC1 (33.50%), PC2 (19.00%), PC3 (11.60%) and PC4 (9.30%). FAWAD et al. (2015) and ALI et al. (2016) working on maze suggested that principal component analysis helps in selecting genotypes on the basis of large number of studied traits. Factor analysis provides an opportunity to select the genotypes for most contributing traits which falls in factor 1 (Table 4 ), in our study the most contributing traits were days to first bud, days to first flower, days to fist boll opening, bolls per plant, plant height and cotton yield per plant.
The results from Table 1a revealed that the traits, bolls per plant, days to first bud, days to first boll opening, fibre strength, plant height, staple length and sympodial branches per plant were the highly contributing traits. The results about the genotypic and phenotypic correlation among different traits of cotton during 2014 year of study (Table 2a ), indicated that there was recorded a significant genotypic correlation of cotton yield per plant with boll weight, fibre fineness, GOT, fibre strength, days to first flower, monopodial branches per plant and plant population. Fibre fineness as an important traits was significantly and positively correlated with bolls per plant, days to first bud, days to first flower opening, days to first flower, monopodail branches per plant, sympodial branches per plant, fibre strength and plant population. Significant phenotypic correlation of cotton yield per plant was found for bolls per plant, days to first bud, days to first boll opening, GOT, fibre strength, monopodial branches per plant and plant height. The large number of bolls per plant, higher boll weight, more sympodial branches per plant, fibre strength and fibre fineness indicated that the improvement in these traits may be fruitful to enhance cotton yield and production. Our results were similar in accordance the finding reported by ABBAS et al. (2015) ; MEENA et al. (2007) ; SUINAGA et al. (2006) and SAJJAD et al. (2015) . TAOHUA and HAIPENG (2006) ; ABBAS et al. (2015) and IQBAL et al. (2003) suggested that the genotypes with higher number of bolls per plant, boll weight, sympodial branches per plant and GOT are the traits may be used for the development of higher yielding cotton genotypes for early maturing with less number of days taken to first bud, first flower, first boll opening. Four principal components PC1, PC2, PC3 and PC4 were recorded from data of study year 2014 (Table 3a) , the PCs showed Eigen value more than 1 as shown in figure 2b. It was found that the total proportion contribution of PC1 (33.60%), PC2 (17.90%), PC3 (12.90%) and PC4 (8.60%) was recorded for studied traits as shown in table 3a and figure 2a. The cotton yield per plant, bolls per plant, first flower days, plant height, days to first boll opening, sympodial branches per plant and days to first bud showed higher contribution towards increasing in cotton yield. From factor analysis, it was found that the traits fall in factor 1 which contributed 48.60% of total variation were days to first bud, days to first flower, days to first boll opening, plant height, sympodial branches per plant and cotton yield per plant. The cumulative variation was 89.40% (Table 4a) . The results from table 1b revealed that the traits, days to first bud, days to first boll opening, fibre strength, GOT, plant height, staple length and sympodial branches per plant were the highly contributing traits. The cotton yield per plant was significantly and positively correlated with bolls per plant, boll weight, fibre fineness, fibre strength, plant height, plant population and sympodial branches per plant at genotypic level. Bolls per plant showed strongly genotypic correlation for fibre strength and boll weight. Fibre strength also showed strong genotypic correlation with plant height and bolls per plant. Strong phenotypic correlation was found for days to first bud with days to first flower and days to first boll opening (Table 2b) . MEENA et al. (2007) and KOTB (2012) suggested that the correlation analysis may be helpful to improve the yield traits to enhance yield and productivity of crop plants. AHMAD et al. (2008) and WANG et al. (2004) found significant fibre strength and fibre fineness and regards these traits as the main traits to improve cotton quality.
Four principal components were recorded ( Fig. 3a and Table 3b ); the proportion percentage for variation was 28.1% (PC1), 23.20% (PC2), 15.50% (PC3) and 10.90% (PC4) also showed in figure 3b as the Eigen value was higher than 1. Maximum variation in PC1 was recorded for plant height, cotton yield per plant, plant population, days to first bud and staple length. From factor analysis, 45.30% variation was found for factor 1. The traits monopodial branches per plant, days to first flower, days to first boll opening, bolls per plant, sympodial branches per plant, days to first bud and cotton yield per plant (Table 4b ). The early of lass time in days taken to first flower, first bud, first boll opening and early maturing indicated that the genotypes may be select to develop early maturing and higher yielding cotton genotypes (AMIR et al., 2012) . BHUTTA et al. (2015) reported that the late maturing is usually caused due to environmental stress which caused damage of plant tissues ultimately reduce plant potential.
The aim of our study was to evaluate zero tillage as potential agronomic practice to improve yield and production of crop plant. The results from table 5 indicated that FH-142 performed batter for cotton yield per plant under zero, minimum and conventional tillage practices. Maximum cotton yield was recorded for 15 March sowing under zero tillage followed by minimum tillage. The net profit was found higher under zero-tillage as compared with minimum and conventional tillage. The net increase in economic gain from zero tillage was 54% over conventional tillage whereas; minimum tillage showed 18.72% increase over conventional tillage.
CONCLUSION
The present study was conducted to evaluate cotton genotypes for cotton yield potential under zero tillage technology. Multivariate analysis was performed to evaluate the yield and it attributed traits for potential of FH-114 and FH-142 cotton genotypes. The genotype FH-142 was found with higher and batter performance as compared to FH-114 under zero tillage, minimum tillage and conventional tillage techniques. The traits bolls per plant, boll weight, fibre fineness, fibre strength, plant height, cotton yield per plant and sympodial branches per plant were found as most contributing traits towards cotton yield and production. It was also found that FH-142 gives higher output in terms of economic gain under zero tillage with 54% increase as compared to conventional tillage technique. It was suggested that zero tillage technology should be adopted to improve cotton yield and quality.
